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SCOPE OF THIS WORK: In recent years, significant attention has been given to nonlinear optical phenomena, such as nonlinear optical absorption and
dispersion, derived from a strongly-driven quantum transition of semiconductor quantum dots. An important issue that is widely studied is the effect of
probe electromagnetic field intensity on the total (nonlinear) absorption coefficient and on the total (nonlinear) index of refraction. Some of the effects
that have been proposed is the bleaching effect, optical gain and slow light. The most common and widely used methodology for studying this problem is
derived from density matrix equations using perturbation theory and includes first-order (linear) as well as third-order (nonlinear) terms. In this work, we
revisit the problem of the total absorption coefficient and the total index of refraction in a symmetric semiconductor quantum dot structure under a strong
probe field excitation. We use the two-level model, solve the relevant density matrix equations under the rotating wave approximation and under steady
state conditions, and obtain the correct form of the nonlinear optical susceptibility that is then used for the derivation of the formulae of the total
absorption coefficient and the total index of refraction under the interaction with a strong probe field. Then, for the specific quantum dot system we
compare the results of the total absorption coefficient and the total index of refraction for the two main methodologies (the perturbation result and our
result) for different electromagnetic field intensities.
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